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Introduction 2 3
The genus Rotylenchus Filipjev, 1936 belongs to Hoplolaimidae Filipjev, 1934 family which also contains agricultural and economically important genera such as 5
Helicotylenchus Steiner 1945 , Hoplolaimus Von Daday 1905 , Rotylenchulus Lindford & 6 Oliveira 1940 and Scutellonema Andrássy 1958 . This genus tends to be greatly conserved in 7 gross morphology which makes species identification a very difficult task. More than 95 valid 8 species have been recognised in this genus, which confirms the previously mentioned 9 difficulty for identification (Castillo and Vovlas, 2005; Atighi et al., 2011; Cantalapiedra-10 Navarrete et al., 2012) . All the known Rotylenchus spp. are obligate plant parasites of a wide 11 range of wild and cultivated plants and are closely associated with plant roots. They are 12 migratory ectoparasites and browse on the surface of roots. As migratory ectoparasites do not 13 enter the plant root, the damage they cause is usually limited to necrosis of those cells 14 penetrated by stylet. 15
The large number of species within the genus Rotylenchus complicates the 16 identification process and has required the construction of tabular and dichotomous keys, 17 based on a combination of major and supplementary characters, to enable pragmatic 18 morphological identification (Castillo and Vovlas 2005) . Recently, DNA-based approaches 19 have been successfully used for the molecular diagnostics of Rotylenchus (Vovlas et al., 2008; 20 and molecular characterisation analyses, indicated that these specimens should be assigned to 1 R. robustus and to a new species showing close morphological and morphometric 2 resemblance with R. vitis, but clearly differentiated by molecular analyses, being considered 3 as an example of cryptic species within the genus Rotylenchus (i.e. species genetically distinct 4 but sharing common morphological diagnostic characters). In addition, several Rotylenchus 5 populations from Australia and USA were collected from natural and cultivated areas to carry 6 out a morphological characterization combined with molecular analyses which may clarify the 7 phylogeny of the genus. 8
Therefore, the objectives of this study were: i) to conduct a comparative phenetic 9 study of the Spanish species resembling R. vitis with holotype and paratypes of R. vitis of the 10 nematode collection from IAS-CSIC, Córdoba, Spain, as well as two populations of R. 11 robustus from Spain and USA, using the most useful diagnostic morphological and 12 morphometric characters for Rotylenchus species based on a multivariate principal component 13 analysis; ii) to verify the taxonomic status of this species close to R. vitis, which is described 14 herein as Rotylenchus paravitis n. sp., as well as other species from Australia, Spain and 15 USA, conducting detailed morphometric and molecular studies of these Rotylenchus species; 16 1 Nematodes of R. paravitis n. sp. used in this study were obtained from the rhizosphere 2 of sunflower plants in Jerez de la Frontera (Cádiz province), southern Spain (36º46'28.85"N 3 latitude, 6º15'26.27"W longitude) at an altitude of 16 m a.s.l., and were collected with a 4
For SEM studies, fixed specimens were dehydrated in a graded ethanol series, critical 1 point dried, sputter-coated with gold and observed with a JEOL JSM-5800 microscope 2 (Abolafia et al., 2002) . 3 4
Multivariate principal component analysis 5 6
A multivariate principal component analysis was performed on R. vitis, R. paravitis n. 7 sp., as well as two populations of R. robustus from Spain and USA in order to determine the 8 morphometric discrimination among species. The analyses were based upon the following 9 characters: body length (L), lip width, lip height, number of lip annuli, stylet length, stylet-10 conus length, knobs width, dorsal gland orifice (D.G.O.), anterior end to beginning of median 11 pharyngeal bulb distance, anterior end to centre of median pharyngeal bulb distance, total 12 pharyngeal length, anterior end to pharyngo-intestinal junction distance, anterior end, 13 maximum body width, pharyngeal overlapping, cuticle tail tip width, vulva position (V), 14 anterior and posterior gonads, female tail length, anal body width, number of female tail 15 annuli, phasmid to terminus distance, phasmid to anus distance, number of annuli between 16 phasmid and anus, and the de Man ratios a, b, b', c, and c', G 1 , G 2 and O (Siddiqi, 2000; 17 Table 2) . 18
Principal component analysis was performed with the PRINCOMP procedure of SAS 19 (Statistical Analysis System, version 9.2; SAS Institute Inc., Cary, NC, USA). This analysis 20 produced a set of variables (principal components) that were linear combinations of the 21 original variables. The new variables (principal components) were independent of each other 22 and ranked according to the amount of variation accounted for. 23 24 2.3. DNA extraction, PCR and sequencing 25
RFLP-ITS-rRNA 1 2
Three to seven l of purified PCR product of the D2-D3 of 28S-rRNA gene for R. 3 paravitis n. sp. was digested by one of following restriction enzymes: AvaI, RsaI, BseNI, 4 MvaI or HpaII, in the buffer stipulated by the manufacturer. The digested DNA was run on a 5
1.4% TAE buffered agarose gel, stained with ethidium bromide, visualized on UV 6 transilluminator and photographed. The exact lengths of each restriction fragment from the 7 PCR products were obtained by a virtual digestion of the sequences using WebCutter 2.0 8 (www.firstmarket.com/cutter/cut2.html). 9 10 2.6. PCR with species specific primers 11 12 Species specific primers were developed for several species: R. paravitis n. sp., R. vitis 13 parasitizing grapevine in Spain and the type species of the genus and agricultural important 14 species R. robustus. Specific primers were designed based on unique fragments for each 15 species using sequence alignment of ITS-rRNA gene. Several Rotylenchus samples were used 16 to test species specific primers. PCR mixture was prepared as described in Tanha Maafi et al. 17 (2003) . The universal forward TW81 primer was used in PCR with combinations of the 18 specific reverse R. paravitis, R. vitis or R. robustus primers (Table 3) for diagnostics of R. 19 paravitis n. sp., R. vitis or R. robustus, respectively. The PCR amplification profile consisted 20 of 4 min at 94C; 30 cycles of 1 min at 94C, 45 s at 57C and 45 s at 72C, followed by a 21 final step of 10 min at 72C. Four l of the PCR product was run on a 1.4% TAE buffered 22 agarose gel, stained and photographed. In the principal component analysis, the first four principal components accounted for 4 67.5% of the total variance of morphological and morphometric characters of the four 5
Rotylenchus populations included in the analysis (Table 2) . Table 2 includes the eigenvalues 6 for the first four principal components (PC) that were used to interpret the significance of the 7
PCs. Principal component 1separates R. vitis and R. paravitis n. sp. specimens from the two 8 populations of R. robustus, characterized by smaller values of stylet-conus length, D.G.O, and 9 O ratio, and higher values for body size (length and width), knobs width, cuticle tail tip width, 10 phasmid to terminus and anus distances, number of annuli between phasmid and anus, and b 11 ratio (Table 2, Fig. 1 ), but did not separate R. vitis from R. paravitis n. sp. Similarly, the stylet 12 conus and orifice of dorsal gland of R. robustus specimens were lower than that observed for 13 R. vitis and R. paravitis n. sp. with no differences between these two species or between the 14 two R. robustus populations (Fig. 1A-C) . 15
Principal component 2 is dominated by high negative weights for anterior body end to 16 centre and beginning of median pharyngeal bulb distances, total pharyngeal length and 17 anterior end to pharyngo-intestinal junction distance (Table 2, Fig. 1A ), relating this factor 18 with pharyngeal dimensions. These characters showed a large but similar degree of variation 19 among specimens of the three Rotylenchus species in the study (Fig. 1A) . 20
When projected on the plane of PCs 1 and 3, female tail shape and size and c' ratio 21 decreased from bottom to top. According to their relative position to y axis in Figure 1B , 22 specimens of R. paravitis n. sp. were characterized by lower values for these two characters 23 when compared to that of R. vitis, although some specimens of the two species showed also 24 similar values (Fig. 1B) . Similarly, when projected on the plane of PCs 1 and 4, specimens ofConcerning R. robustus populations, a similar range of variation for characters related 1 to PC 3 (Fig. 1B) Rotylenchus paravitis n. sp. is a gonochoristic species assigned to the species group 3 having more than six lip annuli, a truncate lip region, female tail usually hemispherical to 4 broadly rounded and stylet more than 35 µm long (Castillo and Vovlas, 2005) . It is 5 characterised by a truncate lip region clearly narrowing in the first half, with 7-9 annuli, 6 continuous with body contour, lateral fields areolated at pharyngeal region only, body without 7 longitudinal striations, stylet length of 44-50 µm, vulva position at 43-54%, tail rounded to 8 hemispherical, with 12-18 annuli, and a specific D2-D3, ITS1-rRNA, partial 18S, COI and 9 hsp90 sequences. Intra-specific variability of D2D3 was evaluated by sequencing two 10 specimens showing high similarity (99%), differing in 1/682 nucleotides and showing no 11 indels between them. 12 at anterior to excretory pore, extending for ca 1.5-2.0 body annuli width, just anterior to 13 excretory pore, rarely posterior. Reproductive system with both genital branches equally 14 developed; anterior branch 315 ± 64.1 (217-416) µm long, posterior branch 300 ± 54.9 (203-15 369) µm long. Vulva slightly posterior to mid-body, undistinct epiptygma under LM but 16 clearly distinguishable under SEM (Fig. 4D, Table 6 . 22
23
Female: Body large, habitus usually forming a spiral. Lateral fields with four smooth 24 equidistant lines, 11.1 ± 0.8 (10.0-12.0) µm wide at mid-body, approximately one-fourth aspharyngeal region, an irregularly areolated along-body (Fig. 8) . Cuticle 1.5-2.0 µm thick, 1 clearly annulated, annuli 1.5-2.0 µm wide at mid-body. Labial region hemispherical, set off 2 from body by a constriction, bearing 6-8 annuli, irregularly divide longitudinally, particularly 3 the 2-3 basal annuli. Labial disc distinct under SEM, rounded. Centrally located on the oral 4 disc is the oval opening of the prestoma without any labial sensillae surrounding (Fig. 8) . The 5 oral disc is clearly separated from the first annulus of the lip region, which is divided into six 6 sectors, with lateral sectors, bordering the amphidial apertures, smaller than the subventral 7 and subdorsal sectors. Each amphidial opening appears as a half ellipse, i.e. a wide slit with a 8 curved distal margin between the oral disc and the lateral sectors of the first lip annulus. Table 7 . Interspecific variations for the D2-D3 5 sequence among Rotylenchus species retrieved from GenBank and R. paravitis n. sp. varied 6 from 34 to 57 nucleotides (5-12%). Phylogenetic analysis (BI and ML) of Rotylenchoidinae 7
and Hoplolaiminae based on D2-D3 expansion segments of 28S-rRNA of a multiple 8 alignment including 82 sequences of 574 bp in length showed 5 moderately or highly 9 supported lineages in the genus Rotylenchus ( 
R. brevicaudatus; ; (iii) R. robustus, R. uniformis, R. magnus and R. jaeni, R. cazorlaensis; 12
and (iv) R. eximius, R. vitis and R. paravitis n. sp. (Fig. 9) . Helicotylenchus species formed 13 three highly supported clades, Scutellonema formed a single highly supported clade, and 14
Hoplolaimus and Aorolaimus clustered together in a separate clade together with R. unisexus 15 (Fig. 9) . Rotylenchus paravitis n. sp. formed a poorly supported clade with R. eximius and R. 16
vitis, but occupied a monophyletic position among the other genera of Hoplolaimidae 17 (Helicotylenchus, Hoplolaimus and Scutellonema) included in the analysis (Fig. 9) . 18 D2-D3 expansion segments of 28S-rRNA did not refute the monophyly of the genera 19 Rotylenchus (P = 0.071), Helicotylenchus (P = 0.572), Hoplolaimus (P = 1.00), even 20 regarding the tree topology in several clades within some of the genera (Table 8 ). The 21 exclusion of some species strongly associated to Helicotylenchus (viz. R. conicaudatus, 22 HQ700698) and other not so strongly associated to Hoplolaimus and Aorolaimus (R. unisexus, 23 EU280799) did not refute the monophyly of Rotylenchus (P = 0.635) ( Table 8) . Similar 24 results were obtained for the analysis based on the partial 18S. However, the absence of someunisexus), may be the cause of these results. In both cases the constriction of the genera 1 Rotylenchus, Helicotylenchus, Hoplolaimus and Scutellonema did not refute to the monophyly 2 of these genera (P = 0.064 for D2-D3 and P = 0.298 for partial 18S). 3 ITS1-rRNA from R. paravitis n. sp. sequence differed to the aligned sequences of 4
Rotylenchus species in a range from 84 to 155 nucleotides (18-34%). Since only seven partial 5 18S-rRNA sequences from Rotylenchus species are deposited in GenBank, phylogenetic 6 analysis with this gene was carried out including 18S sequences from six Helicotylenchus 7 species. The alignment for 28 ITS1-rRNA sequences of Rotylenchus samples was 800 bp 8 long. After discarding ambiguously aligned regions from the alignment, the ITS1 dataset 9 included 448 bp. The 50% majority rule consensus phylogenetic tree generated from the 10 ITS1-rRNA alignment by BI analysis under the TVM + G model is presented in Fig. 10 . The 11 tree topologies between ML and BI were congruent and showed a similar clustering topology 12 to that obtained for D2-D3, including 3 clades with similar species in each one. Rotylenchus 13 paravitis n. sp. which does not form supported clades with any of the other Rotylenchus 14 species (Fig. 10) . On the other hand, R. robustus formed a well supported clade with R. 15 magnus and R. jaeni. Rotylenchus vitis formed a moderately supported clade with R. iranicus, 16 but not with the most similar species R. paravitis n. sp., which occupied a basal position in a 17 clade with R. jaeni, R. magnus, R. robustus, R. cazorlaensis and R. eximius (Fig. 10) . formed two well supported clades (Fig. 11) . Similarity values from the partial 18S-rRNA 24 sequence of R. paravitis n. sp. with those deposited in GenBank were high and ranged fromalignment for partial 18S-rRNA of 8 Rotylenchus samples and others Rotylenchoidinae and 1 Hoplolaiminae in the GenBank with 1713 positions in length showed a highly supported clade 2 with R. uniformis, R. robustus, and R. jaeni, a moderately supported clade formed by R. 3 paravitis n. sp. and R. vitis, whereas R. goodeyi, R. eximius, and Rotylenchus sp. JH- 2004 4 were clearly separated from the former, and Helicotylenchus species formed two well 5 supported clades (Fig. 11) . 6
There was not any sequence of COI from Rotylenchus species deposited in GenBank, 7 so only the partial COI sequences of this study have been used. Similarity values of COI 8 sequences of R. paravitis n. sp. with those of other Rotylenchus species ranged from 90% for 9 R. eximius (JX015401, JX015402), 87% for R. vitis (JX015417, JX015418), 82% for R. 10 cazorlaensis (JX015399, JX015400), 77% for R. robustus (JX015411-JX015414), to 76% for 11 R. magnus (JX015408-JX015410). There was no intraspecific variation among COI of 12 different populations from the same species, except for COI for R. robustus which showed 13 92% similarity (321/359 bp) between the two Spanish isolates and 84% similarity (298/354 14 bp) with USA isolate. The COI alignment consisted of 22 sequences with 409 bp in length. 15
The 50% majority rule consensus phylogenetic tree generated from the COI alignment by BI 16 analysis under the GTR+I+G model is presented in Fig. 11 . The tree topologies between ML 17 and BI were congruent. The COI tree showed the same clade that appears in D2-D3 or ITS1 18 trees, separating R. paravitis n. sp. from R. vitis and R. eximius, and a major clade including 19
R. cazorlaensis, R. buxophilus, R. incultus, R. laurentinus, R. jaeni, R. magnus, and a 20
moderately supported sub-clade with R. robustus clearly separated by its geographical origin 21 (Spanish or American isolates) (Fig. 12) . 22
The alignment generated from hsp90 sequences from R. paravitis n. sp. and R. vitis 23
showed the presence of insertions in the hsp90 sequence of R. paravitis n. sp. After discarding 24 ambiguously aligned regions from the alignment, the size was 150 bp with a similarity of 81%sequences with 244 bp in length. The 50% majority rule consensus phylogenetic tree 1 generated from the hsp90 alignment by BI analysis under the K80 + G model is presented in 2 Fig. 13 . The hsp90 tree showed that Rotylenchus spp. clustered together with H. 3 pseudorobustus, and R. paravitis n. sp. was clearly separated from R. vitis and other 4 Rotylenchus spp. (Fig. 13) . 5 6 3.4. Molecular diagnostics of some Rotylenchus species 7 8 PCR-D2-D3-28S-RFLP profile for R. paravitis n. sp. is given in Fig. 14 -215, 206, 164, 145, 62 bp. 12 Results of PCR with species specific primers are given in Fig. 15 
HpaII
Multivariate analysis of morphological characters 21
Results of multivariate analyses identified size, lip annuli, stylet knobs, cuticle at tail 22 tip, and position of phasmid, the stylet conus and orifice of dorsal gland as key characters to 23 differentiate R. vitis and R. paravitis n. sp. from those of R. robustus. However, no characters 24 could be found to clearly discriminate between specimens of R. vitis and R. paravitis n. sp. 25
since their values overlapped for the two species. Moreover, their degree of variation was 26 comparable to that observed among specimens belonging to each of the two populations of R.
robustus. Consequently, on the basis of this morphometric multivariate analysis as well as 1 morphological crypticism, R. paravitis n. sp. and R. vitis, should be considered cryptic 2 species, since both taxa are cryptic to human perception largely due to the lack of conspicuous 3 differences in morphometric appearance (Palomares-Rius et al., 2010) . with 2-3 annuli; 3 = l.r. with 4 annuli; 4 = l.r. with 5 annuli; 5 = l.r. with 6 annuli; 6 = l.r. with 12 7-8 annuli; 7 = l.r. with 9-10 annuli. group B: 1 = l.r. hemispherical; 2 = l.r. rounded; 3 = l.r. 13 conoid; 4 = l.r. truncate. group C: 1 = only in pharyngeal region (ph. reg.); 2 = in ph. reg. and 14 irregularly at mid-body; 3 = in ph. reg. and incompletely at mid-body; 4 = in ph. reg. and near 15 phasmids; 5 = whole body length except tail region; 6 = whole body length included tail 16 region; 7 = incompletely along whole body. group D: 1 = punctuated along body annuli; 2 = 17 longitudinally striated in ph. reg.; 3 = longitudinally striated over whole body; 4 = without 18 body striations. group E: 1 = < 30 µm; 2 = by 30 to 35.9 µm; 3 = by 36 to 40.9 µm; 4 = > 41 19 µm. group F: 1 = < 2 µm; 2 = by 2 to 6.9 µm; 3 = by 7 to 12 µm; 4 = > 12 µm. group G: 1 = < 20 5 µm; 2 = by 6 to 20.9 µm; 3 = by 21 to 30.9 µm; 4 = by 31 to 40.9 µm; 5 = > 41 µm. group 21 H: 1 = hemispherical; 2 = rounded; 3 = conoid; 4 = pointed; 5 = with ventral projection. group 22 I: 1 = < 50 %; 2 = by 50 to 70 %; 3 = > 70 %. group J: 1 = present; 2 = absent. group K: 1 = > 23 5 annuli anterior to anus; 2 = from 5 anterior to 5 posterior to anus; 3 = > 5 annuli posterior to 24 anus. Rotylenchus paravitis sp. n. is very close to R. vitis in general morphology andde Man ratios, DGO, O, spicules and gubernaculum. Morphologically R. paravitis n. sp. can 1 be also distinguished from the most similar species by a number of particular characteristics 2 resulting from its specific matrix code (A6,7, B4, C1, D4, E4, F2, G5, H1,2, I1 The R. brevicaudatus population from grasses in Brisbane (Australia) was 12 morphologically and morphometrically similar with that analyzed in the original description 13 and subsequent reports, as showed by de Man ratios, except for minor differences which may 14 be considered as intraspecific (Colbran, 1962; Van den Berg and Heyns, 1974) . This 15 population was characterised by a slightly shorter body and stylet length than those from the 16 original population from Lawnton, Queensland (533-587 vs 700-800 µm, 21-24 vs 22-27 µm, 17 respectively); but almost identical to a population from South Africa (21-24 vs 19-25 µm, 18 533-587 vs 500-800 µm, respectively) (Colbran, 1962; Van den Berg and Heyns, 1974) . 19
Similarly, the alpha-numeric codes for R. brevicaudatus to be applied to the polytomic 20 identification key for Rotylenchus species by Castillo and Vovlas (2005) are coincident with 21 previous descriptions A3-B2-C1-D4-E1-F2-G3-H1-I2-J1-K1. 22
The R. buxophilus population from Napa County (California, USA) agrees fairly well 23 with the original description and the population from Iran, the morphometric of which do not 24 exceed the intraspecific variation reported herein, as showed by de Man ratios and otherThe R. pumilus population from Urtica sp. in San Jose park, California (USA) 1 completely fit the original description and data from a French population, except for minor 2 differences which may be considered as intraspecific (Sher, 1961; Germani and Scotto La 3 Massese, 2002 ). This population was characterised by a slightly larger body and stylet length 4 than those from the original population from Wisconsin, USA (773-906 vs 600-700 µm, 27-5 31 vs 23-28 µm, respectively) (Sher, 1961); but almost identical in stylet length to a 6 population from France (27-31 vs 26-29 µm, respectively) (Germani and Scotto La Massese, 7 2002). Similarly, the alpha-numeric codes for R. pumilus to be applied to the polytomic 8 identification key for Rotylenchus species by Castillo and Vovlas (2005) are coincident with 9 previous descriptions A4-B1-C1-D4-E1-F2-G2-H1-I2-J1-K2. 10
The R. robustus populations from stone pine and grasses in southern Spain and 11 California (USA), respectively, closely agree with the original description and previous 12 reports, showing minor differences which could be considered as intraspecific variations 13 longitudinal striations in lip annuli, giving a tiled surface appearance (Fig. 8) , and were 22 coincident with previous studies (De Grisse et al., 1974; Abrantes et al., 1987) . 23 24
Molecular phylogenetic relationships
The phylogenetic relationships inferred in this study based on the D2-D3 of 28S-1 rRNA and the ITS1 of rRNA gene sequences mostly agrees with well-differentiated lineages 2 obtained in previous studies (Vovlas et al., 2008; Athigi et al., 2011; Cantalapiedra-Navarrete 3 et al., 2012) . Nevertheless, small differences may be attributed to additional sequences added 4 in this study. In particular, the position of R. agnetis in the present tree differed after including 5 R. brevicaudatus, which formed a moderately supported clade with R. montanus and with 6
Rotylenchus sp. SAS-2006 . Phylogeny based on the D2-D3 of 28S-rRNA clearly showed the 7 paraphyly of Hoplolaimidae, which agrees with previous studies (Subbotin et al., 2007; 8 Vovlas et al., 2008; Atighi et al., 2011; Cantalapiedra-Navarrete et al., 2012) . This molecular 9 marker separated Rotylenchus from other genera within Hoplolaimidae (i.e.
Helicotylenchus, 10
Hoplolaimus, Scutellonema and Aorolaimus), which agree with the separation by 11 morphological characters, including position of pharyngeal overlapping (dorsal vs ventral), 12 type of phasmid (scutellum-type or pore-like) and stylet knobs (tulip-shaped or rounded). 13 Also, in Rotylenchus some lineages derived from molecular markers were congruent with 14 morphological and morphometrical traits for D2-D3 with the major number of species 15 studied, i.e., lineage (iii)included species with hemispherical lip regions of 7-8 annuli, long 16 bodies and stylets, but the first one possesses three pharyngeal gland nuclei,; and lineage (iv) 17 grouped two closely related species (R. vitis and R. paravitis n. sp.) and R. eximius sharing 18 only a long stylet and a broadly rounded tail with those species. The ITS1 data set clearly 19 (Figs. 9, 10 ). However, these lineages differ between D2D3 and ITS. 24
The phylogenetic relationships inferred in this study based on the partial COI data set 25 was provided for the first time in the genus Rotylenchus. Phylogenetic relationships based onthe partial COI showed similar phylogenies than those detected in D2-D3 and ITS1 regions 1 for the majority of species. Finally, phylogeny of the available partial 18S sequences suggests 2 a monophyletic relationship within the genus Rotylenchus, but additional studies are needed 3 for clarifying this aspect. Molecular markers based on D2-D3 expansion segments of 28S-4 rRNA and partial 18S did not refute the monophyly of Rotylenchus and other genera in the 5 family Hoplolaimidae (Helicotylenchus in both markers and Hoplolaimus only in D2-D3). 6
However, additional sequences of Hoplolaimus, Scutellonema and Aorolaimus will help in the 7 study of these genera from a phylogenetic point of view. Our results showed that D2-D3 of 8 28S-rRNA, the ITS1 of rRNA, the partial COI, the partial 18S, and partial hsp90 gen are 9 useful markers for species delimitation. Nevertheless, if the speciation event has taken place 10 recently, the D2-D3 of 28S-rRNA might not be served a good marker to separate Rotylenchus 11 spp., as it has been shown for R. laurentinus and R. incultus (Vovlas et al., 2008) . 12 Consequently, phylogenetic analyses based on the different markers did not result in a general 13 consensus of species grouping, since lineages were maintained for some species (i.e. species 14 with hemispherical lip regions of 7-8 annuli, long bodies and stylets), but not in others (i. e. 15
position of R. vitis, R. breviannulatus were quite variable). 16
Diagnostic PCR-ITS-RFLP profiles with five restriction enzymes, as well as species-17 specific primer proved to be useful tools for identification of Rotylenchus species. 18
Nevertheless, specificity of species specificity of R. robustus primers still requires testing 19 with R. uniformis samples, and species identity for nematodes previously named as R. 20 uniformis by Subbotin et al. (2007) should be confirmed by molecularly comparing with the 21 type materials of this species. There is some controversy on the synonymy of R. uniformis 22 with R. robustus, since some authors consider both as valid species (Seinhorst and Kuniyasu, 23 1969, Castillo and Vovlas, 2005 ) based on differences in six characters including body length, 24 ratio a, dimensions and number of lips annuli, stylet length, and posterior extensions of labialframework, while other authors consider both species as synonyms (Loof and Oostenbrink, 1 1958, Seinhorst, 1991) . 2
In summary, molecular characterisation and phylogenetic analysis of D2-D3 region 3 ITS1 of rRNA, partial 18S-rRNA, COI, and hsp90 sequences and morphological and 4 morphometric analyses clearly support the proposal of R. paravitis n. sp. as a new species. 5
And also, the recognition of this cryptic species within the genus Rotylenchus shows that the 6 biodiversity of these nematodes is still not fully understood and need some additional studies. 7
Interestingly, R. paravitis n. sp. and R. vitis showed clearly different sequences and positions 8 in the phylogenetic analysis, in spite of showing scarce or no differences in morphology or 9 morphometry. Also, RFLP profiles as well as slight minor phenotypic traits suggest speciation 10 between the two taxa. Understanding the range of R. vitis and R. paravitis n. sp. by new 11 locality reports could help to understand the speciation process in these nematodes. Geraert, E., Barooti, S., 1996. Four Rotylenchus from Iran, with a key to the species. 11
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